Introduction
In a preceeding article 1 experiments have been reported on the temperature dependence of the mag netic field effect on viscosity in pure gases consist ing of nonspherical molecules. In this chapter we will present results obtained from similar experi ments on mixtures of polyatomic gases with noble gases.
The shear viscosity of a gas of polyatomic mole cules in a magnetic field can be described by five independent coefficients, i. e., according to the nota tion of Coope and Snider2: r/0+, r]2+, rj{~ and y]2 (see also Ref. 3) . Theoretical expressions for these coefficients can be obtained from a ChapmanEnskog treatment of the field effect 4, in which the nonequilibrium distribution function is expanded in terms of irreducible tensors made up of reduced velocity W and angular momentum J. From the ex periments it is seen that in simple gases 5-7 and in mixtures of these gases with noble gases 8 the field effect on viscosity is dominated by one type of an gular momentum polarization only, viz. [J] ' 2) . Hence the experimental results can be characterized by two parameters, one for the magnitude of the viscosity change and one for the field strength at which the effect occurs. These quantities are related to collision integrals, which are determined mainly by the anisotropic interaction between molecules. Consequently these experiments provide direct in formation about the non spherical part of the mole cular interaction.
Because the interaction between non spherical and spherical particles is simpler to describe than the interaction between two non spherical particles we have extended our investigations to mixtures of polyatomic gases (non spherical) with noble gases (spherical). In order to test non-spherical potentials which describe such interactions, one needs informa tion on the collision integrals over a large tempera ture range. For this reason experiments have been performed as a function of temperature.
The systems H D -H e , H D -N e, H D -A r, No -He, No -Ne and N2 -Ar have been investigat ed" both at 77 K and 293 K. The field effect for each system has been studied as a function of the noble gas fraction by performing experiments at various compositions.
Theory
On pure gases extensive theoretical work has been done concerning the magnetic field effects on trans port properties. For a survey see Ref. 9 . For mixtures consisting of linear diatomic molecules, a classical treatment of the shear viscosity tensor is given by Tip 10 . Moi*e recently a formal theory for mixtures was given by Raum and Köhlern , based on the Waldmann-Snider kinetic equation. In the calcula tions of Ref. 10 the contribution of the dominant [ J] polarization has been considered. Explicit ex pressions are given for the viscosity coefficients of binary mixtures in which one of the components is a noble gas. For such systems the field effect is found to be the same as for pure gases, and for the coeffi cients measured in our experimental situation, the functional form is given by: V + 7?2+-2 I ?(0) = _ 1 X f/ 2 r, (0) 2 02
' 02 1 + W + ' 02 l + 4 f 0.,2
(1) where rj (0) is the field free viscosity of the gas mix ture. The expressions for f 02 and !F02 are, however, more complicated than for pure gases. The öhape of the curve given by this expression as a function of f 02 (or H/p) has a dispersion-like character reaching saturation for high values of £02 .
Position of the effect on the H/p axis
The quantity f 02 fixes the position of the effect on the H/p axis and is determined by the decay of the tensorial polarization, [Ja]® . The subscript A is used here to denote the molecular species upon which experiments are performed. In pure poly atomic gases the decay of this polarization is a consequence of collisions between identical mole cules and can be expressed by the reorientation cross section for tensorial polarization, © (02) A . The sub script A now refers to the interactions ** which are taking place in a pure gas consiting only of mole cules A. In mixtures with a noble gas (component B) the decay of [ J A] ® polarization may result from two kinds of interactions: collisions of the type A -A and of the type A -B. The decay through the interaction A -B is expressed by a cross section, denoted as © (oIa)ab-The A between the brackets refers to the polarization of the polyatomic molecule considered, while the subscript AB refers to the in teraction. For the proper definition of © (02a ) ab see Table 1 , in which the cross sections are defined (see e. g. Refs. 1 and 13) . The expression for £02 can be written 10 in terms of the cross sections ©(02) a and © ( 02a ) ab = 
with juA and /(Ap, the reduced masses which are mA/2 and mAmB/(m A + m B) , respectively. The quantity g is the molecular ^-factor and ju^ the nuclear magne ton. 
Thus theory predicts a linear behaviour of the {H/p)a/j values versus the noble gas mole fraction xB .
The magnitude of the field effect
The magnitude of the field effect on viscosity, de scribed by W02, is mainly determined by the strength of the coupling between the anisotropics in the an gular momentum space and in the velocity space. In pure gases this coupling is characterized by the cross section © (20) 
where mA and mg are the masses of the molecules. Hence the magnitude of the field effect is essentially determined by two cross sections which couple the polarization in velocity space to the polarization in the angular momentum space. The expression for \F0o is given in Ref. 10 and can be written in terms of these cross sections Viscomagnetic Effect in Mixtures 
for mixtures of a polyatomic gas (A) and a noble gas (B)
Here Ba20 and ßp,20 are functions of gas-kinetic cross sections which determine the field free viscosity of the mixture, and are given by:
Note that if only component A is present, Eqs. (2) and (7) reduce to the expressions which describe the field effect in pure gases.
Experiment
To measure the magnetic field effect on the visco sity in mixtures we use apparatus I described in Ref. 1 . In principle the apparatus is a Wheatstone bridge for gasflow, see Fig. 1 , in which one of the circular capillaries is placed between the poles of a magnet (Oerlikon C 3) perpendicular to the field direction. Starting from a steady state situation the magnetic field is switched on, causing a change in where / a correction factor of the order unity given by:
2 (pc + Ka) / = {px + Ka) + {pB + Ka)
This factor has been discussed in detail in Ref. 1 and is constructed from three different parts: a) 2(pG + K< 1 )/[(p A + Ka) + (pB + Ka)] which corrects for the expansion of the gas and Knudsen effects on the field free flow, and usually has a value of about 1.3. The quantity Ka is calculated from" Ku = nap £//?, where P = ?(PA + Pc) and R lhe ra" dius of the capillary. For na the value 4 is used in accordance with Ref. 16 while £ is the mean free path of the molecules given by x\ £A + xB fp,, where fA and Ib are the mean free pathes of molecules A and B. For a binary mixture they are given by Chapman and Cowling 17: = 21/2 n nA 0A2 + n nB oAB2 (1 + mAfmB) 1/2 and (11) £b_1 = 2Vl 71 nB oB2 + 71 nA oAB2 (1 + mBfmA) Vl where nA and nB are the number densities and oAq is the average value of the molecular diameters oA and ob . b) [1 + (1/16) (R/l) R e { l+ ln (p A/pc)}] takes into account additional pressure losses at the entrance of the capillary and also in the capillary. The cor rection is usually small, having a value between 1 and 1.01. The quantity I is the length of the capil lary, and Re is Reynolds number. c) 1 + Kß/p corrects for Knudsen effects in the magnitude of the field effect.
The H/p values are also affected by Knudsen ef fects 6 and the correction is given by: i. e., riß = 10 and n., = 14 for the HD-notble gas mix tures and riß = 10 and ny = 3 for the N2-noble gas mixtures. The gases used are obtainend commercially, ex cept HD which is prepared as described in Refer ence
In all cases mixtures are made by simply dilutinig the polyatomic gas with noble gas. The mole fractions are obtained by assuming that the perfect gas law is valid. 
Experimental Results and Discussion
Experiments have been performed on the systems: HD -He, HD -Ne, HD -Ar, N2 -He, N2 -Ne and N2 -Ar at 77 K and 293 K. The field effect is ob tainend as a function of the mole fraction of the noble gas by measuring various compositions of each system. The results are shown in Figures 2 to 13. The theoretical curves are given by Eq. (1) using £02 and '//02 as adaptable parameters for the position along the H/p axis and the magnitude of the effect. It is seen that in all cases the experiments can be described very well by this theoretical ex pression. 
The (H/p), 1/. value as a function of composition
In Figs. 14 to 17 the (H/p)*/, values are plotted as a function of the mole fraction of the noble gas. Within the experimental accuracy it is found that for all systems the dependence is linear, as predicted by theory [see Equation (4) ]. The cross section •S(o2a)ab i's obtainend from the (.H/p)*/, value extra polated to infinite dilution of the polyatomic mole cules (xß = 1). In this limit the polyatomic molecules are surrounded by noble gas atoms so that reorienta tion occurs only through interactions of the type A -B . The values for (S(oIa)ab determined in this way are given in Table 2 , together with (3 (02) a as obtained from the experiments on the pure poly atomic gas It is seen from these values that the heavier or larger the noble gas atoms, the more effective they are in annihilating the [J \] -2-) polarization in the angular momenta of the non spherical molecules. 
The saturation value as a function of composition
In the theoretical expression for W02 [see Eqs. (7) and (8) 
In principle the other three quantities can be de termined from the field free viscosity of the mix- ture, which is given by:
Since little viscosity data are available for mixtures we wil calculate the cross sections . /X r)(2,2)* ab (17) where öAb = i (öa + öb) with oA and oß the LennardJones diameters of molecules A and B, respectively. The two reorientation cross sections 3 (02) A and 02a) ab have already been discussed in Section 4.1 and are given in Table 2 . maining quantity in Eq. (7) which is not yet known and is therefore determined from the experiments reported here. Figure 18 gives the theoretical curves and experimental points for the saturation value *P0. 2 as a function of noble gas mole fraction. vious that good agreement between theory and ex periment can be obtained for @ ( S n ,-H e = +0.080 Ä2.
Note that Eq. (7) gives the same results if the sign of both ©(2o)n« and ©(20Nj)Nt-He is changed, be cause of the square in the numerator so that in fact V 211IO ) isat one can conclude from our experiments that both coupling cross sections have the same sign. For all mixtures such plots are made and always good agree ment between theory and experiment is found for a given value of S(!>oa)ab-Moreover, the sign of 2(-20a)ab is always the same as that of © (20) Table 3 . In Table 2 the values of S (20a ) ab used in obtaining these curves are given together with te values of S (20) a • It is seen that the production of [ Ja] ^ polarization from a [W Ap ) polarization through interactions A -B is more effective for heavier or larger noble gas mole cules. In all the cases of N2-noble gas mixtures which have been investigated, it is found that the noble gas is always less effective than N2 in pro ducing Heat-flow birefringence is described by a constitutive law which links the anisotropic part of the dielectric tensor with the gradient of the heat flux or the 2nd spatial derivative of the temperature field. For a gas of linear molecules, this relation is derived from transport-relaxation equations which, in turn, were obtained from the Waldmann-Snider equation. The magnitude of the heat-flow birefringence can be inferred from the Senftleben-Beenakker effect of the viscosity and of the heat conductivity. It is found to be of measurable size.
Transport processes in a fluid of optically aniso tropic particles may lead to a birefringence, i. e. its dielectric tensor may possess a nonvanishing aniso tropic part. Flow birefringence11 2 and acoustic bire fringence 2' 3 are examples for such nonequilibrium birefringence phenomena. Both effects are described by a constitutive law which links the anisotropic part of the dielectric tensor with the gradient of the velo city. In a heat-conducting fluid the anisotropic part of the dielectric tensor can be proportional to the gradient of the heat flux or equivalently to the 2-nd spatial derivative of the temperature. A kinetic the ory of this "heat-flow birefringence" is presented for gases of rotating molecules.
In contradistinction to liquids and colloidal solu tions where birefringence is due to an alignment of the figure axis of the particles, in gases of rotating molecules it is connected with an alignment of the molecular rotational angular momentum4. This is reflected by the fact that the anisotropic part of the dielectric tensor is proportional to the tensor polari zation of the rotational angular momentum. For the theoretical treatment of nonequilibrium birefringence phenomena the collision-induced tensor polarization has to be studied. Point of departure for such a the ory is the Waldmann-Snider equation 5' 6, a gener alized Boltzmann equation for particles with internal rotational degrees of freedom. Waldmann 5 mention ed flow birefringence as a possible application of his kinetic equation as early as 1957. The kinetic theory of flow birefringence, however, has been developed much later 7' 8. This paper deals with the theory of the heat-flow birefringence. Its magnitude can be inferred from measurements of the influence of mag netic fields on the heat conductivity and the visco sity 9>10 (Senftleben-Beenakker effect). It turns out to be of similar size as the flow birefringence in gases which has recently been observed experimen
